The effi cacy of a thermotolerant 6-phytase on performance and apparent total tract digestibility (ATTD) of P and Ca was evaluated in 96 crossbred barrows (8 replicates with 3 pigs each) fed 4 diets. Diets based on corn (Zea mays), a heattreated grain mix, and soybean (Glycine max) meal with recommended [positive control (PC)] or reduced [negative control (NC)] P and Ca levels were fed from 25 to 115 kg BW. The PC diets contained 0.61% P and 0.72% Ca from 25 to 45 kg, 0.59% P and 0.66% Ca from 45 to 70 kg, and 0.48% P and 0.51% Ca from 70 kg to fi nal BW. The NC diets were reduced in digestible P by 2.0, 2.0, and 1.1 g/kg and in Ca by 1.4, 1.0, and 0.8 g/kg, respectively, for the 3 phases. Phytase was added at 0, 250, and 500 phytase units (FTU)/kg to the NC diet. Performance was measured at the end of each feeding period and ATTD of P and Ca evaluated for a 3-d collection following a 7-d adaptation at an average BW of 45, 70, and 116 kg. Final BW of NC pigs (111.9 kg) was increased (P < 0.05) by P addition (120.3 kg; PC) and by phytase inclusion at both rates (116.5 and 117.6 kg, respectively). The ADG of NC pigs (781 g) was increased (P < 0.05) by both phytase levels (5.5 and 6.6%); pigs fed 500 FTU/kg achieved similar ADG as PC pigs (833 and 858 g, respectively) . The G:F was reduced (P < 0.05) in NC pigs (0.308) compared to pigs fed the PC diet (0.328) or diets with 250 or 500 FTU phytase/kg (0.324 and 0.330, respectively). The ATTD of P was lowest in all periods for pigs fed NC diets (35.5% in starter, 32.2% in grower, and 32.1% in fi nisher period). Phytase increased (P < 0.05) ATTD of P in all periods at both application rates. Pigs fed 500 FTU/kg diet had a higher (P < 0.05) ATTD of P than pigs fed 250 FTU/kg and an ATTD of P at least similar to pigs fed PC. Similar but less pronounced effects were observed for ATTD of Ca. The phytase added to grower-fi nisher diets with reduced P and Ca nearly restored performance to the level of pigs fed diets with adequate P and Ca.
INTRODUCTION
Grain-based diets contain enough total P to meet the requirements of pigs. However, 60 to 80% of P is in the form of phytate (Selle et al., 2011) ; hence, the bioavailability of this P is low in pigs. To improve P digestibility, diets are therefore supplemented with inorganic P sources or microbial phytases. The effi ciency of phytases in pigs can differ due to various factors, such as diet composition, content of native phytase (Almeida and Stein, 2012) , and phytase source (Paditz et al., 2003) . Effects of phytases on P digestibility are mostly studied at a BW up to 50 kg whereas only limited data are available for older pigs (Kerr et al., 2010) . Little information exists for pigs fed P-reduced diets during the entire grower-fi nisher period. To get an impression of effi ciency of a new phytase, testing its impact on P digestibility over a range of growth phases while excluding most effects of intrinsic phytase from diet ingredients seems appropriate. The objectives of this experiment were to test 2 levels of a heat-stable phytase on performance and apparent total tract digestibility (ATTD) of P and Ca in diets with reduced P and Ca in grower-fi nisher pigs during 3 growth phases compared with pigs fed diets of similar composition that met or exceeded the P and Ca recommendations (NRC, 1998) . Ingredients containing relevant amounts of plant phytases were fi rst heat treated as a grain mix to eliminate their intrinsic phytase contribution.
MATERIALS AND METHODS
The study was approved regarding animal care and use of experimental animals by the responsible State Offi ce of Health and Social Affairs, Berlin. Six weeks after weaning, 96 crossbred barrows [Pietrain × (Euroc × Landrace)] were randomly distributed according to BW and litters to 4 groups of 24 barrows housed within 1 barn in 8 pens of 3 animals each of a treatment in a separate row. Pigs had free access to water and experimental starter (25 to 45 kg BW), grower (46 to 70 kg BW), and fi nisher diets (71 to 120 kg BW). Diets were based on corn and a heat-treated grain mix and soybean meal (Table 1) . Except for P and Ca, diets met or exceeded current nutrient requirements for fattening pigs (NRC, 1998) . The adequate diets [positive control (PC)] were targeted to contain 0.61% P and 0.72% Ca from 25 to 45 kg, 0.59% P and 0.66% Ca from 45 to 70 kg, and 0.48% P and 0.51% Ca from 70 to 120 kg BW. Diets reduced in P and Ca [negative control (NC)] contained 0.38, 0.37, and 0.36% total P and 0.58, 0.56, and 0.43% Ca, respectively, with phytase added at 0, 250, and 500 phytase units (FTU)/kg (Quantum Blue; ROAL Oy, Rajamäki, Finland).
On the fi rst and last day of each period, BW was recorded per pen. Feed consumption per pen was recorded daily and feed effi ciency determined by dividing BW gain by feed consumption per pen for each feeding period. Digestibility values were calculated using Cr 2 O 3 ; 5 g/kg feed was included during last 10 d of each period. Feces were collected twice per day by rectal stimulation from pigs over 3 d after a 7-d adaptation. Feces were stored at -20°C, freeze-dried, pooled per collection period and pen, and subjected to chemical analyses (VDLUFA, 1993) . Phytase activity in experimental diets was determined according to an internal assay (ROAL Oy, Rajamäki, Finland). Homogeneity of the data was evaluated by ANOVA and means separated where appropriate by Tukey's honestly signifi cant difference test and P < 0.05 was considered signifi cant.
RESULTS AND DISCUSSION
Analyzed dietary phytase (205 to 240 and 368 to 639 FTU/kg, respectively), P, and Ca content confi rmed targeted levels (Table 1) . Dietary P and phytase infl uenced growth and G:F of pigs ( Table 2 ). Pigs that received NC diets had 7% lower (P < 0.05) fi nal BW than pigs fed PC diets and 4 and 5% lower (P < 0.05) than those fed NC diets with phytase, respectively. Feed intake did not differ among treatments, except during the fi rst period when NC pigs consumed less (P < 0.05) than PC pigs, with intermediate intake for pigs fed phytasesupplemented diets (P > 0.05; data not shown). Overall G:F was 6.1% lower (P < 0.05) for pigs fed NC than pigs fed PC. Adding phytase to NC increased (P < 0.05) G:F by 5.2 and 7.1%, respectively, compared to pigs fed NC with most effects observed in the last feeding period (data not shown).
Compared to pigs fed the NC diet, pigs fed PC had an increased (P < 0.05) the ATTD of P and Ca ( Figure  1 ). Adding phytase to NC increased (P < 0.05) ATTD of P in NC in all periods at both application rates. Pigs fed NC plus 500 FTU/kg diet had a higher (P < 0.05) ATTD of P than pigs fed NC plus 250 FTU/kg and reached an ATTD of P at least similar to pigs fed PC. Similar but less pronounced effects were observed for ATTD of Ca.
The PC pigs digested in the 3 periods 2.37, 2.54, and 2.02 g P/kg diet, respectively, whereas digestible P was 1.02, 1.35, and 0.87 g P/kg diet lower (P < 0.05) in pigs fed NC diets. Adding 250 FTU/kg phytase increased (P < 0.05) digestible P to 1.77, 1.42, and 1.56 g/kg. Increasing phytase to 500 FTU/kg increased (P < 0.05) digestible P content to 2.17, 1.84, and 1.96 g/kg.
Although NC diets, especially in fi rst 2 feeding periods, were markedly reduced in P, phytase at 250 and particularly at 500 FTU/kg nearly restored performance to the level of pigs fed PC diets with adequate P and Ca level. Phytase supplementation increased ATTD of P and Ca over the entire feeding period without a pronounced age-dependent effect, similar to fi ndings of Kerr et al. (2010) , who observed phytase effects in pigs weighing 84 kg BW. The phytase added at 500 FTU/kg fully restored the reduction in P (up to 2 g digestible P/kg) and Ca (up to 1.4 g/kg diet) over the entire feeding period. At a lower application rate (250 FTU/kg), performance and ATTD of P and Ca were also increased. Within feeding period and variable, means without a common letter differ (P < 0.05); n = 8. PC = positive control; NC = negative control.
